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Abstract 

 

Citizen science is a rapidly evolving and increasingly popular field of scientific inquiry in which data are 

collected by volunteers (citizens). Applications of citizen science represent a growing data resource used 

by researchers, nature conservationists, and public institutions. Although citizen science data can make 

substantial contributions within the scope of Conservation Biology—particularly to the protection and 

management of biological diversity, ecosystems, and natural resources—concerns regarding data quality 

persist, despite the expanding potential of citizen science. Ensuring that data collected through citizen 

science efforts are accurate and reliable is crucial for conducting valid assessments in Conservation Biology 

and for enabling more effective conservation practices.In this study, we sought to test the accuracy of bird 

observation data gathered via the citizen science platform eBird Türkiye (http://www.ebird.org)—which 

contains observation counts for 533 bird species recorded in Türkiye—by applying Benford’s Law. 

Benford’s Law is a mathematical approach developed to analyze the distribution of numbers in data sets 

that may not have a strictly “natural” origin. Additionally, a Chi-Square Goodness-of-Fit Test was 

conducted to detect differences between the observed (actual) values and the expected (Benford’s Law) 

values. The results indicate that the tested data from the eBird Türkiye platform conform to Benford’s Law. 
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1. Introduction 

 The rapid pace of scientific advancement has led to 

increasingly specialized fields of expertise. Although 

specialization supports scientific progress, it also fosters 

a structure in which only experts produce knowledge, 

making it challenging for the broader public to grasp new 

developments. One response to this issue—particularly 

prominent in Europe—is the institutionalization and 

encouragement of public participation in scientific 

research under the banner of “Citizen Science,” which 

aligns with open science principles. In addition to 

reforming scientific methodologies, this approach seeks 

to enhance public engagement in scientific processes [1]. 

 

Citizen science is a method that promotes participation 

by non-professional individuals in scientific research. By 

involving volunteers, it reduces research costs, facilitates 

faster project completion, strengthens communication 

between science and society, and increases scientific 

literacy. It also encourages a more collaborative form of 

research by contributing to participants’ self-realization 

processes [1]. Owing to its potential for advancing 

scientific literacy and involving diverse segments of 

society in research, citizen science has grown 

increasingly popular in recent years [2]. 

 

Citizen science applications have emerged as a rapidly 

expanding data resource, widely used by researchers, 

nature conservationists, and public institutions [3, 4, 5, 6, 

7]. The data collected by volunteers are vital, given the 

increased taxonomic, geographical, and temporal scope 

[8]. 

 

However, one of the greatest challenges in citizen science 

lies in ensuring data quality and the accuracy of 
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volunteer-collected information [2]. Despite the growing 

potential of citizen science, concerns regarding data 

reliability remain [9]. To use these data effectively in 

research, conservation, and policy-making, their 

reliability must be carefully evaluated. Data quality 

issues often reflect spatial, temporal, and taxonomic 

biases [10] or insufficient sampling [11, 12, 13]. 

Consequently, developing and applying methods to 

enhance the reliability of citizen science data is essential. 

  

A recent Web of Science categorization of publications 

using the keyword “Citizen Science” reveals that 

Environmental Sciences has the highest number of 

related publications [1] as shown in Figure 1. 

 

 
Figure 1. Citizen Science Publications by Scientific 

Field [1] (Reproduced from the original source). 

 

To understand why citizen science is so significant to 

environmental sciences and the advantages it offers, one 

must first examine the concept of “Conservation 

Biology.” Conservation Biology is an interdisciplinary 

field focused on the protection and sustainable 

management of biological diversity, ecosystems, and 

natural resources. It integrates ecological, evolutionary, 

and socio-economic factors through various approaches 

to address complex issues involving the preservation of 

natural systems. One of its core aims is to prevent the loss 

of biological diversity by protecting and restoring 

threatened or endangered species and habitats. 

Simultaneously, Conservation Biology deals with the 

root causes of biodiversity decline, such as habitat 

destruction, pollution, climate change, and 

overexploitation of resources. This endeavor requires 

collaboration among scientists from different disciplines, 

policy makers, and other stakeholders. Conservation 

biologists investigate how human activities affect natural 

systems in order to develop effective, sustainable 

strategies for resource management [14]. 

 

In this context, citizen science offers critical support to 

conservation biology. The large-scale data collected by 

volunteers serve as an essential resource for monitoring 

biodiversity, recognizing threats, and shaping 

conservation strategies. Beyond aiding scientific 

research, citizen science also boosts public engagement 

in nature conservation by inviting active community 

participation, thereby increasing environmental 

awareness and promoting scientific literacy. 

Consequently, citizen science not only democratizes the 

production of scientific knowledge but also broadens the 

social base for nature conservation initiatives, generating 

benefits for both science and society. 

 

Numerous statistical methods have been used to evaluate 

the accuracy and reliability of citizen science data. In this 

study, we applied Benford’s Law, a mathematical 

technique designed to analyze the distribution of 

numbers in data sets potentially lacking a natural origin 

[15, 16]. This method tests whether a given data set 

follows the leading digit distribution predicted by 

Benford’s Law. Because Benford’s Law is a powerful 

tool for assessing the trustworthiness of numerical data 

and detecting inconsistencies, it has been applied in 

multiple fields, including finance and the natural 

sciences. 

 

Benford’s Law has proven effective in several sectors for 

checking the reliability of reported natural resource 

harvesting data (for instance, in fishing or tropical 

hunting; 17) and for detecting illegal deforestation 

activities [18]. This approach is also employed to study 

naturally occurring biological data sets: prior research 

has demonstrated that certain biological data—such as 

cyanobacterial cell counts [19] pollen counts [20], 

genome sizes [21] and angiosperm taxon counts [22]—

can align with Benford’s Law. Overall, Benford’s Law 

and similar digit-based tests have been recommended as 

simple yet effective preliminary screening methods for 

large, complex ecological data sets [20, 23, 24]. Given 

the increasing complexity and volume of ecological 

data—including citizen science data—Benford’s Law 

has significant potential for identifying anomalies or 

errors in naturally occurring data sets, thus providing 

critical insights for ecological and environmental 

research [25]. In particular, this method is valuable for 

evaluating the reliability of large-scale data sets and for 

deepening our understanding of ecological processes. 

 

Besides Benford’s Law, alternative methods for 

assessing the accuracy of citizen science data include 

“Inter-Observer Agreement,” “Expert Validation,” and 

“Outlier Detection.” Inter-Observer Agreement 

compares data collected by various volunteers to measure 

consistency, often using statistical measures such as 

Cohen’s Kappa or Fleiss’s Kappa [26]. Expert Validation 

involves detailed reviews by specialists, who compare 

the volunteer-collected data with those gathered through 

conventional scientific techniques [26]. Meanwhile, 

Outlier Detection identifies data points that differ 

substantially from the rest of the dataset, helping 

pinpoint—and potentially eliminate—errors [26]. 

 

When compared with other European and Middle Eastern 

countries, Türkiye’s remarkable biological diversity in 

relation to its size positions it as one of the most 
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biodiverse nations in the region. Thus, Türkiye has a 

major need for citizen science initiatives aimed at 

identifying and conserving this biodiversity. 

Nonetheless, citizen science remains only partly 

developed here. Platforms such as Trakuş, AdaMerOs, 

and eBird Türkiye represent major strides in this domain 

by harnessing volunteer contributions to gather and 

monitor biodiversity information, highlighting the 

potential impact of citizen science in Türkiye. Given the 

country’s notable biodiversity, expanding and 

developing citizen science activities could significantly 

bolster its conservation efforts. 

 

By engaging volunteers in data collection and analysis, 

citizen science helps advance extensive research efforts 

and fosters scientific literacy. However, these data must 

be validated for reliable use in research, conservation, 

and policy-making. Although the number of global 

studies evaluating the reliability of citizen science data is 

on the rise, few such studies have been conducted in 

Türkiye. One validation tool is Benford’s Law.In this 

study, we applied Benford’s Law alongside a Chi-Square 

Goodness-of-Fit Test to a dataset containing observation 

counts for 533 bird species reported in Türkiye, as 

cataloged on the “eBird Türkiye” [27] platform. 

Verifying data in this manner is crucial to ensuring 

accuracy and reliability, which in turn enables better 

decision-making for biodiversity protection in the 

framework of Conservation Biology. 

 

2. Materials and Methods 

 

2.1. Study Material 

 

We employed a data set from the citizen science platform 

eBird Türkiye [27], containing observation counts for 

533 bird species recorded in Türkiye. Established in 2002 

by the Cornell Lab of Ornithology in the United States, 

eBird has become the largest citizen science platform 

focused on bird sightings worldwide. With more than 600 

million bird observations, it maintains one of the most 

substantial biodiversity databases, creating extensive 

opportunities for large-scale research on migration 

routes, population changes, and the effects of 

environmental shifts [5]. 

 

2.2. Benford Law 

Benford’s Law was used to assess this data set’s 

reliability. According to the first-digit test, Benford’s 

Law states that the leading non-zero digit of a number—

or a set of values representing a given phenomenon—is 

not uniformly distributed. A high percentage of numbers 

begin with 1, followed by 2, 3, and so forth. 

Specifically, 30.1% of data points start with 1, 17.6% 

with 2, 12.5% with 3, 9.7% with 4, 6.7% with 5, 6.4% 

with 6, 5.1% with 7, 4.9% with 8, and 4.7% with 9, 

indicating that smaller leading digits arise more 

frequently than larger ones [15, 16]. For the first-digit 

test, Benford’s Law is applied using the formula: 

 

P(d) = log10 (1 + 1/d)                                   (2.1) 

 

Here it is: 

P(d): The probability that the first digit of a number is the 

digit "d". 

d: The digit representing the first digit of the number. 

This digit can be an integer from 1 to 9 (i.e. d∈{1,2,...,9}). 

log10 : Denotes the logarithm to base 10. 

 

  
Figure 2. Probability distributions of the first digits 

according to Benford's Law    

Note: Prepared from [28] 

 

2.3. Data Analysis 

We completed the following steps in Microsoft Excel to 

verify the data’s conformity with Benford’s Law: 

 

2.3.1.Forming the Data Set from the Database: A .txt 

file was exported from the eBird database (see Appendix 

1). This file was imported into MS Excel, after which bird 

species and their observation counts were filtered to 

create the final data set. 

 

2.3.2. Extracting the First Digit: The first digit of each 

observation count in the data set was identified. 

 

2.3.3. Calculating Frequencies: The observed 

frequency of each leading digit was recorded. 

 

2.3.4. Calculating the Percentage Frequency: The 

observed frequency was divided by the total data count 

to obtain the percentage frequency. 

 

2.3.5. Computing Benford Percentages: The 

“=LOG10(number)” formula was used to determine each 

digit’s expected probability under Benford’s Law. 

 

2.3.6. Calculating Expected Frequencies According to 

Benford’s Law: Expected frequencies were derived 

from the total number of observations in conjunction with 

each digit’s Benford percentage. 
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2.3.7.  Conducting the Chi-Square Goodness-of-Fit 

 Test: This test identifies whether the observed variable 

matches a given distribution. The formula used was: 

 

x² = (Observed – Expected)² / Expected               (2.2) 

 

2.3.8. Calculating of the p-Value The sum of the values 

found in the Chi-Square Test of Likelihood was found. 

Then the p value was found as “0.19865” by using the 

formula “=CHI-SQUARED.DISTR.RIGHT (x; degrees 

of freedom)”. The degrees of freedom used in the formula 

is one less than the 9 variables used, i.e. the degrees of 

freedom is 8. The calculation was made as follows: 

=CHI-SQUARED.DISTR.RIGHT(11,05;8) 

*If p-value < 0.05, the data do not follow Benford's Law. 

*If the p-value is ≥ 0.05, the data obey Benford's Law. 

According to these conditions, since the p-value is 

0.19868 > 0.05, the data obey Benford's Law. 

3. Results and Discussion 

 

In this study, the conformity of e-bird observation data in 

Turkey with Benford's Law was examined. The results of 

the analysis showed that the first digits of the observation 

counts for each species were distributed in a manner 

similar to the frequency distribution predicted by 

Benford's Law. 

 

3.1. Key Findings 

3.1.1.Overall Fit: A strong relationship was found 

between the frequency percentages of the first digits of 

the observation numbers (from 1 to 9) and the 

percentages predicted by Benford's Law. In particular, it 

was found that small digits such as 1, 2, and 3 appeared 

with a higher frequency, as predicted by Benford's Law. 

Table 1 shows that the most common digit value is the 

number 1 (%32,8) and the least common digit value is the 

number 9 (%2,8) This is a situation seen in the first digit 

test in Benford’s Law. 

 

3.1.2. Statistical Tests: Statistical tests (e.g., chi-square 

test) have shown that the difference between observed 

and expected frequencies is not statistically significant. 

This confirms that the data set is generally consistent 

with Benford's Law. 

 

3.1.3. Differences: Small deviations from Benford's Law 

predictions have been observed for some numbers. 

However, it has been determined that these deviations are 

not significant enough to distort the overall structure of 

the data set. 

The table shows that the absolute difference between the 

Benford Percentage and the percentage occurance of the 

digits (frequency percentage) varies between %2,7 – 0,1. 

This is another indication that the phenomenon complies 

with Benford’s Law. Looking at the graph in Figure 3, 

the biggest difference between the Frequency Percentage 

and the Benford Percentage (2,7%) is seen in the number 

1. The smallest difference between the Frequency 

Percentage and the Benford Percentage(0,1 %) is seen in 

the number 8.  

 

In short, the Frequency Percentage shows how often the 

first hoseholds in your dataset actually occur, while the 

Benford Percentage expresses how often these 

households should appear in a natural distribution. The 

difference between these two percentage indicates how 

well your data set fits Benford’s Law and whether there 

are potentially any anomalies.  The small numbers seen 

in the difference show that our data seti is compliance 

with Benford’s Law. 

 

Figure 3 presents a bar chart of the observed frequency 

percentage (actual data) and the expected percentage 

under Benford’s Law (predicted data); the close 

alignment between these bars illustrates consistency with 

Benford’s Law. 

 
 

Figure 3. Conformity of Observation Counts for 533 

Bird Species from eBird Türkiye to Benford’s Law. 

 

Table 1 summarizes the application of Benford’s Law 

and the Chi-Square Goodness-of-Fit Test to the data set. 

As shown in Table 1, the Chi-Square Goodness-of-Fit 

Test produced a x2 value of 11.05, with a p-value of 

0.19865. Because this p-value is greater than 0.05, the 

data fit Benford’s Law. 

The findings show that e-bird observation data exhibit a 

distribution consistent with Benford's Law, which is 

characteristic of naturally occurring data sets. This result 

provides strong evidence that the data set has not been 

manipulated and was created as a result of a natural 

process. 

 

0,0%

10,0%

20,0%

30,0%

40,0%

1 2 3 4 5 6 7 8 9

Percentage
Frequency

Benford
Percentage



 

Celal Bayar University Journal of Science  
Volume 21, Issue 4, 2025, p 92-101 

Doi: 10.18466/cbayarfbe.1653292                                                                                                  M. Afsar 

 

96 

4. Conclusion and Discussion 

The reason why Benford's Law is used in the naturalness 

calculation of ecosystems is that its message is 

mathematical, that is, it is clear. 

The Benford probability curve in reality means that a 

whole army of numbers contains “process information”. 

This “process information” does not explain what the 

numbers that go into the probability calculation are and 

what formulas are used to derive them. Here “process 

information” simply means numbers with a background. 

This message of Benford's Law is as clear as its 

theoretical probability values [24]. 

What is meant here by numbers with a resume? 

These numbers mean the system in other words. If the 

numbers that make up a whole conform to Benford's 

Law, there is a natural consciousness that allows that 

whole to exist and to continue to exist. In other words, if 

a whole has a natural consciousness, it is expected to 

obey Benford's Law. In this case, the term “system” is 

used instead of “whole”. 

 

Table 1. Summary of Steps and Results in MS Excel 
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1 175 32,8% 30,1% 160,45 14,55 211,73 1,32 

2 99 18,6% 17,6% 93,86 5,14 26,45 0,28 

3  62 11,6% 12,5% 66,59 -4,59 21,09 0,32 

4 57 10,7% 9,7% 51,65 5,35 28,59 0,55 

5 36 6,8% 7,9% 42,20 -6,20 38,48 0,91 

6 25 4,7% 6,7% 35,68 -10,68 114,12 3,20 

7 36 6,8% 5,8% 30,91 5,09 25,91 0,84 

8  28 5,3% 5,1% 27,26 0,74 0,54 0,02 

9 15 2,8% 4,6% 24,39 -9,39 88,15 3,61 

Toplam 533,00 1,00 1,00 533,00   11,05 

This study examined observational data for 533 bird  

species from the “eBird Türkiye” citizen science 

platform using Benford’s Law.  

According to the Chi-Square Goodness-of-Fit Test, the 

data conform to Benford’s Law, suggesting that the 

dataset has not been manipulated and can serve as a 

credible source for scientific research. However, while 

Benford’s Law offers a meaningful overview of data 

consistency, it does not provide an absolute guarantee of 

data accuracy [16]. 

Given the ongoing concerns about data quality in citizen 

science applications, this finding is quite important. 

Although errors, omissions, or systematic biases may be 

present in data provided by volunteers, the results 

obtained in this study support the statistical reliability of 

such data. Similarly, various studies  [26,29,30] have 

demonstrated that volunteer science data can be used 

reliably when evaluated using careful assessment 

methods. 

 

The Benford's Law used in the study is a powerful and 

practical tool for analyzing natural data distributions, 

especially in data sets containing a large number of 

observations. This method has been successfully applied 

in the analysis of biological data (e.g., cell counts, 

taxonomic distributions, genome sizes) in the past. In this 

context, applying the Benford test to eBird Turkey data 

provides an important methodological contribution to 
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evaluating the quality of volunteer science data in our 

country. 

However, some minor deviations were also observed 

during the analysis. In particular, differences were found 

between the observed and expected frequencies in some 

steps (e.g., numbers 1 and 9). Although these differences 

are not statistically significant, investigating the causes 

of such deviations in future studies may contribute to the 

development of improvement strategies to enhance data 

quality. For example, systematic biases such as the over-

reporting of certain species or the re-entry of data by 

some observers could be responsible for these 

differences. 

Another important contribution of the study is that a data 

verification method of this scale has been applied in 

Turkey. Although citizen science studies are becoming 

widespread around the world, studies testing the 

reliability of such data in Turkey are quite limited. This 

situation indicates that the study not only provides results 

regarding the reliability of eBird data but also has the 

potential to increase the scientific validity of citizen 

science applications in Turkey. 

However, there are some limitations to this study. First, 

the analysis was conducted solely on the basis of the first-

order distribution. For a more comprehensive evaluation 

of the data, second-order analysis, time series analysis, or 

spatial validation methods could also be used. 

Furthermore, it should be noted that Benford's Law alone 

is not sufficient for measuring the reliability of data, but 

it does provide an effective method for preliminary 

screening and general evaluation. 

The number of digits of large ecological data such as the 

number of cells in cyanobacteria colonies[19] and pollen 

counts [20] are quite high. For this reason, while the 

second and third step test applications of Benford's Law 

are tested in data sets with large digit numbers of this 

type, it is predicted that the first step test will be sufficient 

considering the digit numbers of the number values in the 

data set in the study and the literatüre studies. The reason 

for applying the second and the third step test in 

Benford’s Law is to detect errors and anomalies more 

precisely. 

 

Our findings emphasize the need for more rigorous data 

validation measures to further enhance the accuracy and 

reliability of citizen science data. While Benford’s Law 

serves as an effective preliminary screening tool, 

additional validation methods – such as expert 

verification, inter – observer agreement and outlier 

detection – may be employed to improve data quality 

[25,29]. 

In essence, citizen science democratizes scientific 

knowledge production while simultaneously supporting 

biodiversity monitoring and conservation activities. 

Expanding citizen science initiatives in Türkiye could 

strengthen the country’s research base and broaden 

conservation participation among the public. 

Citizen science—which engages members of the public 

in data collection and analysis—contributes significantly 

to large-scale research efforts and fosters scientific 

literacy. Data reliability is especially critical in fields 

such as Conservation Biology, where accurate 

information can directly inform conservation measures. 

As one of the few studies evaluating the trustworthiness 

of citizen science data in Türkiye, this paper sheds light. 

Benford's Law is only an indicator. A deviation from 

Benford's Law is a warning sign that there may be 

anomalies or manipulation in a data set. However, this 

does not necessarily mean that the data is incorrect. It 

simply indicates that further examination and in-depth 

research is required. In short, while Benford's Law is a 

powerful audit and analysis tool, it has important 

limitations that must be carefully considered in terms of 

its application areas and the characteristics of the data set. 

If these limitations are ignored, misleading results may 

be obtained. 

In conclusion, this study proposes an applicable and valid 

method for evaluating the quality of data obtained from 

volunteer science platforms in Turkey, while also 

supporting the usability of this data in scientific studies. 

Future studies can conduct more in-depth evaluations by 

analyzing data sets separated according to different 

species groups, observers, or time periods. 

 

5. Recommendations 

 

Strengthening Citizen Science in Türkiye: The 

continued development of citizen science projects, 

especially in natural and environmental sciences, could 

greatly enhance Türkiye’s research capacities. 

Validating Data in Other Citizen Science Platforms: 

Similar assessments should be undertaken on other 

platforms across Türkiye, since the data generated often 

serve as a primary resource for biodiversity monitoring. 

Integrating Citizen Science into Education: 

Introducing citizen science projects in the educational 

system can promote scientific thinking among young 
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people and heighten overall awareness of environmental 

issues. 

Unlocking the Potential of Citizen Science: Citizen 

science approaches can address various local challenges 

in Türkiye, such as water quality monitoring, urban land-

use mapping, and seismic event tracking. Establishing a 

dynamic citizen science community may offer both 

societal and scientific advantages, paving the way for a 

more robust future. 
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Appendices 

Appendix 1: Data Set Used in the Study 
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